Abstract -Organic matter degradation (OMD) was studied with the techniques of in situ degradation and in vitro gas production (gas test) on 16 straws (TS) treated under different conditions of ammonia concentration (3 and 5%), duration (15, 30, 45 and 75 days) and temperature (15 and 35 o C). Gas production (GP) and OMD were measured at 2, 4, 8, 16, 24 and 48 h. The results showed that after treatment, compared with the untreated straw (US), the OMD at 48 h, GP at 48 h and organic matter theoretical digestibility (OMTD) increased by 31, 25 and 19% (P < 0.01). Among the treatment factors, temperature was mainly involved in the increase in OMD, GP and OMTD. The correlations established between OMD and GP at every kinetic point, and between OMTD and GP at every kinetic point were low. They were high only during the first 24 h of the GP incubation, particularly between OMTD and GP at 8 h. This does not allow the utilisation of the GP method to predict the OMD in situ, but GP at 8 h can be used for a rapid classification of the straws. 
INTRODUCTION
Ammonia treatment of straws increases their digestibility (47 to 64%, n = 18) and their intake in sheep (36 to 64 g DM per kg metabolic weight, n = 18) [5] . Direct measurement of the in vivo digestibility is long and expensive. So, more rapid evaluation methods are often used. Among these techniques, the in situ nylon bag method is used by many scientists as a reference technique for forage evaluation [15] . The in vitro gas production technique (gas test) [11] allows routine work by performing several repetitions [2] . Moreover this technique could be more appropriate for forages containing phenolic compounds such as ammoniatreated straws [7, 8] .
In this work we studied the kinetics of microbial organic matter degradation of sixteen ammonia-treated straws, both by in situ and gas test methods. The relationships between these two methods were analysed.
MATERIALS AND METHODS

Straws
A hard wheat (Triticum durum) straw harvested in Algeria was chopped then spread in 16 2-kg groups and treated with ammonia before preservation in sealed plastic bags, according to different combinations of temperature (15 and 35 o C), ammonia concentration (3 and 5%) and treatment duration (15, 30, 45 and 75 days). Treatment combinations were numbered from 1 to 16 (Tab. I). During the winter, "15 o C bags" were kept in a room where the temperature was between 12 and 17 o C; "35 o C bags" were maintained at this temperature in a steam-room. At the end of each treatment, straw was aerated at ambient temperature then ground through a 0.8 mm grid.
Animals
Three Friesian cows, dry and fitted with ruminal cannula, were used. They received a 70:30 mixture of lucerne-cocksfoot hay and concentrate (43% barley, 40% beet pulp, 10% soybean meal, 5.5% molasses, 0.5% sodium chloride and 1% mineral and vitamin premix) twice a day (8 and 16 h). Total diet contained 13.2% crude protein.
Analytical methods
Dry matter, organic matter, and crude protein were determined on untreated straw (US) and treated straws (TS1 to TS16) according to AOAC methods [1] and cell walls (NDF) were determined according to the Van Soest methods [18] .
Organic matter degradation was measured in nylon bags (Blutex T50 tissue, 46 µm mesh). Bag size and sample weight were those recommended by MichaletDoreau et al. [13] . Six bags were incubated at each of 6 incubation times: 2, 4, 8, 12, 24, 48 hours. After being removed from the rumen, the bags were rinsed with tap water then frozen. After defrosting they were washed with a machine (3 × 5 min), kept at 30 o C for 8 hours, then lyophilised for 24 hours, then weighed. For in vitro gas production measurement, rumen liquid was sampled on animals before feeding then 1 vol rumen liquid was mixed with 2 vol buffer solution [10] according to Menke and Steingass [12] . Samples of each straw weighing 200 ± 5 mg, ground through a 0.8 mm grid, were put into two glass graduated 100-mL syringes. After injection of 30 ± 1 mL of rumen liquid-buffer mixture, the syringes were incubated at 39 o C. The syringes were then slowly shaken for 30 min per hour during the first ten hours of incubation, then after each registry. Gas volume was recorded after 2, 4, 8, 16, 24 and 48 h of incubation. The results were corrected using a control syringe containing rumen juice and buffer.
Calculations and statistical analysis
Organic matter degradation (OMD) and gas production (GP) kinetics were performed according to the model: Y = a + b (1 -e -ct ) [14] , where a is the proportion of rapidly degraded organic matter (%) or produced gas (mL·200 mg -1 DM), b is the proportion of slowly degraded organic matter (%) or produced gas (mL·200 mg -1 DM), a + b being considered as the degradation capacity, and c (h -1 ) is the constant rate of degradation of b. Organic matter theoretical degradability was calculated as: OMTD = a + b × c / (c + k), where k is the rumen outflow rate of particles, taken as 0.06 h -1 .
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where T, C and D are the effects of temperature, ammonia concentration and treatment duration, respectively. Correlations between variables were calculated by linear regression. All calculations were made with S-PLUS software [17] .
RESULTS
Residual standard deviation and determination coefficients showed an excellent adjustment of data to the model, with the exception of parameters a for OMD and (a + b) for GP (Tabs. I, II, III).
Chemical composition
Ammonia treatment logically increased straw crude protein content from 2.1 (US) to 13.7% (TS13); NDF content was similar between US and straw treated at 15 o C (78.8 vs. 79.4%). Straw NDF significantly decreased (P < 0.01) when they were treated at 35 o C (75.1% vs. 79.4) (Tab. I).
In situ organic matter degradation
Organic matter degradation kinetics of untreated and treated straws are given in Table II. After 48 h of incubation, OMD was at mean 75% for treated straws (from 64% for TS2 to 83% for TS12) and 57% for US. At 16 and 24 h of incubation, the degradation of the treated straws represented on average 62 and 78% of the amount degraded at 48 h. These values were similar to those observed for US (68 and 78%, respectively).
Straw treatment increased OMTD (50 vs. 42%); OMTD varied from 43 (TS1) to 59% (TS12). in OMD, OMTD and their parameters are mainly explained by treatment temperature (Tab. II) which increased OMD significantly until 24 h of incubation, OMTD and c. The combined increase in ammonia concentration and temperature enhanced OMTD by 8% (P < 0.01). On the contrary, the b fraction and thereafter (a + b) were decreased by 16 and 7%, respectively. Although varying between 15 and 75 days, treatment duration did not modify OMD.
In vitro gas production
Treatment increased 48-h gas production by 25% (Tab. III). Among treated straws, gas production variations were low: from 41 to 46 mL·0.2 g -1 DM for PT1 and PT15, respectively. These variations were of lower extent than those observed for OMD (Fig. 1) . As for OMD and OMTD, treatment highly increased parameter c (+ 53%) and fraction a + b (+ 40%). The negative value of fraction a showed the occurrence of a lag time before the beginning of the fermentation, which was not observed for OMD.
Temperature and ammoniac concentration increased gas production (P < 0.001) between 2 and 16 h and between 8 and 48 h, respectively. Temperature increased a but did not modify a + b and c. Moreover, 8 h gas production was particularly sensitive to the studied factors: it showed a positive Degradability of ammonia treated straws 221 Figure 1 . Effect of treatment temperature on organic matter degradation (OMD) and gas production (GP). OMD: organic matter degradation; GP: gas production; US: untreated straw; TS: treated straws at 15 or 35 o C.
effect of both treatment, temperature and ammonia concentration, and of temperatureconcentration and temperature-duration interactions (Tab. III).
Relationship between OMD, GP and their parameters
Organic matter digestibility and GP varied in the same way for the first hours of incubation (Tab. IV). The highest correlation was observed between 8-h GP on the one hand and OMD at different incubation times and OMTD on the other hand. The correlations between parameters a, a + b and c of OMD and GP were not significant. Figure 2 shows the variations between the straws. The position of TS8 on the figure shows that a high ammonia concentration and a long treatment duration compensate for a low treatment temperature.
DISCUSSION
Among the factors studied, temperature was the most involved in variations of OMD and GP. This result, often observed for OMD [9] , can be explained by the effect of temperature on CP increase and cell wall decrease. However this action of temperature was more important for OMD and related parameters than for GP, for which neither parameter c nor GP at 24 or 48 h were modified.
When treatment temperature varied between 15 and 35 o C, GP and OMD variations were low and of the same extent for the two methods until 8 h incubation. Then OM degradation rate increased whereas GP degradation rate was not modified. Gas production explains 27, 37, 59 and 47% of OMD variations after 2, 4, 8 and 16 h of incubation, respectively.
The correlation between OMD and PG can be limited by several factors. Dry matter which is soluble in situ is considered wrongly as fermented matter and does not correspond to gas production arising from microbial activity [2] so that OMD is overestimated [16] . Moreover, the toxic effects of phenolic compounds present in treated straws, specially p-coumaric and ferulic 222 R. Chabaca et al. Table III . Effect of treatment conditions on kinetics (in mL·0.2 g -1 DM) and parameters of in vitro gas production (GP).
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Figure 2.
Relationship between OMD and GP at 8 h of incubation.
acids [4] are more marked in vitro than in situ [15] .
For the GP method, when incubation time is higher than 24 h, microbial biomass decreases due either to a lack of nutritive matter, or to an accumulation of toxic compounds resulting from microbial metabolism [2, 3] . In this experiment this should be effective after 8 h of incubation. This constitutes a significant bias.
Another bias could lead to another estimation of degradation measurement by the gas test technique, for example partial fermentation of dead microbes which results in gas production [6] , or gas production from the buffer and from the inoculum.
CONCLUSION
The main factor increasing OMD and GP is treatment temperature. The correlation between OMD and GP for the first 24 hours of incubation was significant but only 8-h incubations resulted in a strong relationship (r = 0.83) and can be used for a rapid classification of straw nutritive value in ruminant feeding. 224 R. Chabaca et al. 
